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In this paper, we numerically investigate all-optical bistable switching at low input intensity based on Fano res-
onances available in nonlinear slab waveguide gratings with narrow slits. Fano resonances with various quality
factors (Q-factors) in the single- and double-layer slab waveguide gratings are designed and their characteristics are
studied by the finite-difference time-domain method. Dependencies on wavelengths of operation, various switch-
ing intensities, contrast, and bandwidth of all-optical bistabilities are observed. Comparing nonlinear character-
istics of single- and double-layer grating configurations, the latter provides more bistable efficiency with the low
input intensities needed and high contrast with high Q-factors at certain operating wavelengths. Both grating con-
figurations in this work provide interesting venues for highly efficient Fano resonance-based all-optical bistable
switching devices. © 2014 Optical Society of America

OCIS codes: (050.6624) Subwavelength structures; (190.1450) Bistability; (130.3120) Integrated optics
devices.
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1. INTRODUCTION
The concept of optical bistable switching or bistability has
been explored to implement all-optical transistors, switches,
logical gates, and memory [1]. It has been employed widely in
all-optical signal processing. In systems having optical bist-
ability, the output intensity is a strong nonlinear function of
the input intensity. These bistable systems might even display
a hysteresis loop. One of the performance indicators of a bi-
stable system is its ability to operate at low input intensity.
Tremendous researches to realize all-optical bistable switch-
ing at low input intensity have been done. Among those, the
utility of micro/nanophotonic structures in bistable systems,
which enable strong light-matter interaction to enhance non-
linear effects of materials, has attracted much attention in
integrated optics [2–9]. In addition, another important para-
meter needed to characterize a bistable switching is the
Q-factor. All proposed structures for all-optical bistable
switching at low input intensity particularly require high Q-
factor. The micro/nanophotonic cavities with high Q-factors
are of considerable interest and can be applied in extremely
low-power nonlinear photonic devices because of their strong
light-matter interactions. Natural materials normally have
weak nonlinear effects, but when they are formed in particular
structures, such as cavities having high Q-factors, they create
qualitatively new phenomena. This will make nonlinearities of
materials such as second harmonic generation and bistable
switching become significantly stronger regardless of the
low input intensity. Numerous micro/nanophotonic structures
have been studied to realize all-optical bistable switching

devices. Among those, bistable devices employing nonlinear
photonic crystal cavities coupled to waveguides and slab
waveguide gratings [2–9] are promising devices due to their
potential on-chip applications. In our previous studies [6–8],
we developed efficient all-optical bistable switching based on
guided-mode resonances closed to Lorentzian line shapes in
slab waveguide gratings and photonic crystal slabs, which are
feasible designs due to their simple structures with easy in/out
coupling and their cost-efficient process. However, since the
Q-factor and shape of the Lorentzian guided-mode resonance
strongly depend on the size, shape, and hole depths of slab
waveguide gratings and photonic crystal slabs [6,7], its narrow
linewidth corresponding to high Q-factor is difficult to design.
Therefore, practical optical bistable switching devices work-
ing at extremely low input intensity may not be realized.

Fano resonance, as known from atomic physics, has been
explored widely in various micro/nanophotonic structures,
such as quantum dots [10], photonic crystals [11,12], plasmo-
nic nanostructures, and metamaterials [13]. The interference
of bright and dark modes in scattering spectra resulting in the
so-called Fano resonance has been employed for a wide range
of optical device applications [10]. Various applications of
Fano resonance that rely on its high Q-factor due to its sharp
and asymmetric profiles have been proposed, such as filters
[14–16], modulators [5], sensors [17], broadband reflectors
[18], and lasers [19]. Recently, Fano resonance has been ex-
plored in simple slab waveguide gratings with very narrow
slits [20]. All-optical bistable switching characteristics based
on Fano resonance may provide more bistable switching
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efficiency than that based on guided-mode resonance
(Lorentzian) in nonlinear slab waveguide gratings. With a
given Q-factor, asymmetric profiles can provide sharper fea-
tures than Lorentzian and, hence, allow more efficient input
intensity. For filter applications, a double-layer stacked pho-
tonic crystal configuration can provide a Q-factor of Fano
resonance over 107 [15,16]. Fano resonance-based filters
could achieve higher efficiency than other resonance-based
ones. It has also been shown that Fano resonance-based filters
with versatile spectral attributes can be implemented using
double-layer slab waveguide gratings (DLSWG).

In [20], the switching intensity strongly depends onQ-factor
and slit width. In order to reduce the switching intensity,
Q-factor should be increased or slit width should be decreased
to as narrow as possible. Due to the limitation of fabrication
equipment and the cost, it is not an effective way to make op-
tical bistable switching devices based on slab waveguide
gratings with very narrow slits [21]. Therefore, it is crucial
to explore efficient ways to reduce the switching intensity in
the slab waveguide gratings. For this purpose, while keeping
the slit widths, we propose here a DLSWG instead of a single-
layer slab waveguide grating (SLSWG) for all-optical bistable
switching applications. It appears that the resonant character-
istics (Q-factor and resonant wavelength) of DLSWGs can be
tuned when two slab waveguide grating components interact
with each other. This interaction may happen in two possible
routes, including a direct coupling and an indirect coupling of
two slab waveguide gratings through gap-space propagation.
Relying on relative coupling strengths, various resonant char-
acteristics are achieved [22]. In addition, the Q-factor of the
resonance in a SLSWG can be enhanced by increasing the
thickness of the slab waveguide grating. However, the SLSWG
offers limited dispersion engineering for tuning the output
spectrum. In contrast, the DLSWG offers a flexible way to con-
trol the Q-factor, optomechanical interaction, and resonant
wavelengths by varying the gap distance and the alignment
between two layers [16]. To our best knowledge, there are
no works using Fano resonances in DLSWGs for all-optical
bistable switching. In this work, the all-optical bistable switch-
ing based on Fano resonances in both SLSWGs and DLSWGs
is investigated. The switching intensity of each configuration
is compared. We also show dependence of the operating
wavelength on switching intensities and bistability behaviors
for both configurations. The finite-difference time-domain

method with subpixel smoothing for increased accuracy
[23,24] has been used to carry out the calculations.

2. BISTABILITY IN SINGLE-LAYER
GRATING DEVICES
Fano resonances can be simply obtained by using a SLSWG
with narrow slits, as depicted in Fig. 1(a). In this case, a
SLSWG structure whose guiding layer is chalcogenide glass
(As2S3, n � 2.38) with a thickness (d) of 220 nm on a thick
glass substrate (n � 1.5). The grating slit aperture (w) is
formed by a rectangular corrugation in an As2S3 waveguiding
layer with depth and periodicity (Λ) of 220 and 860 nm, re-
spectively. A normally incident wave with transverse electric
(TE) polarization is used. Perfectly matched absorbing boun-
dary conditions are applied for the top and bottom boundaries
of the computational unit cell while periodic boundary condi-
tions are set at the left and right boundaries [23]. Figure 1(b)
shows the calculated linear reflection spectra for three gra-
tings with various slit widths of w � 15 nm, w � 30 nm,
and w � 45 nm. An ultranarrow slit (∼12 nm) can be fabri-
cated [21], but it is at the border of current electron-beam
lithography. In our optimized Fano resonance-based SLSWG
design, a Q-factor of 14861 can be achieved with the slit width
w of 15 nm and the resonant peak at 1563.1 nm. As the slit
width, w, increases, the resonance shifts to shorter wave-
lengths and the Q-factor of Fano resonance decreases dra-
matically. For instance, with the slit width, w, of 45 nm, the
resonant peak and Q-factor are 1516.0 nm and 630, respec-
tively. It means that, as the slit width increases, the waveguide
mode gets more leaky and, hence, the linewidth becomes
broader, leading to a decrease ofQ-factor. Table 1 summarizes
the linear characteristics of Fano resonance in SLSWGs. The
linear characteristics can be explained similar to the guided-
mode resonances in slab waveguide gratings and photonic
crystal slabs [6,7]. The inset of Fig. 1(b) shows the electric
field distributions of the resonant modes known as single
grating modes.

In order to see all-optical bistable switching behaviors in
SLSWGs with narrow slits, we excite an incident continuous
wave (CW) source with suitable operating wavelength on the
surface of the structure. In general, the operating wavelength
is chosen approximately at the center of the all-optical bist-
ability region. The nonlinear reflection spectra with the onset

Fig. 1. (a) Sketch of a SLSWG with narrow slits under normally incident light. (b) Reflection spectra for various slit widths (w). The insets in
(b) show the field distributions at resonances.
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of optical bistability for several input intensities for Fano res-
onances are not shown here since they have already been de-
scribed and discussed in [20]. In our calculations of all-optical
bistable switching for SLSWGs with narrow slits, we choose
the operating wavelengths at 50%, 1∕e, and 60% reflection,
which locate in the bistability region. In nonlinear calcula-
tions, the third-order nonlinear coefficient of As2S3 is n2 �
3.12 × 10−18 m2∕W [25]. Figure 2 shows a dependence of
reflection on the incident flux intensity of the all-optical bista-
ble switching in the SLSWG, with various narrow slits of
(a) w � 15 nm, (b) w � 30 nm, and (c) w � 45 nm, respec-
tively, for the operating wavelength at 50% reflection. It can
be seen that the all-optical bistable switching behaviors are

formed in all designs. The calculation technique to get the bist-
ability behavior was discussed in [6–8]. The higher branch
(blue curve, with S1) is observed by increasing the incident
flux intensity starting from low intensity. Following the higher
branch, at the critical incident flux intensity the reflection de-
creases abruptly, which is referred to as the switching inten-
sity. To observe the lower branch (red curve, with S2), the
incident flux intensity slowly decreases starting from the high
intensity (above the switching intensity). When the incident
flux intensity decreases over the switching intensity, the re-
flection remains in the lower branch due to the feedback
of Kerr nonlinearity. It reaches slowly and surpasses the
higher branch and jumps down abruptly to the high-reflection

Table 1. Linear Characteristics of SLSWGs and DLSWGs

Single-Layer Gratings Double-Layer Gratings

w � 15 nm w � 30 nm w � 45 nm w � 15 nm w � 30 nm w � 45 nm

Resonant peak (nm) 1563.1 1539.0 1516.0 1331.0 1314.3 1301.1
1731.1 1700.3 1669.6

Q-factor 14861 1704 630 5066 2518 708
18757 2111 768

Fig. 2. All-optical bistable switching in the nonlinear SLSWGs depicted in Fig. 1(a) with the operating wavelength at 50% reflection (a)w � 15 nm,
(b) w � 30 nm, (c) w � 45 nm, (d) operating wavelengths at 1∕e [(blue, horizontal, with S1) and (red, right vertical) curves] and 60% (black, left
vertical curves) reflection for w � 15 nm.
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state as the reflection reaches unity. In fact, the all-optical bi-
stable switching behaviors have two switching points at the
increasing (S1) and decreasing (S2) input intensities. That is
the mechanism of bistability as in Fig. 2. The presence of
S1 and S2 in these cases are due to the very short distance
between the depths and peaks of the linear reflection spectra.
The switching times are not mentioned in this work. The in-
cident intensity for switching can be estimated as the input
intensity for which the reflection decreases abruptly in the
blue and red curves. For example, in Figs. 2(a)–2(c), the esti-
mated switching intensities are 5.6 MW∕cm2, 366.1 MW∕cm2,
and 2548.8 MW∕cm2 (at point S1) and 2.0 MW∕cm2,
181.1 MW∕cm2, and 1306.4 MW∕cm2 (at point S2), and the
Q-factors are 14861, 1704, and 630 for the slit widths,
w � 15 , 30, and 45 nm, respectively. These results also show
the 1∕Q2 dependence of the switching intensity. Figure 2(d)
shows the all-optical bistable switching behaviors for the slit
width,w, of 15 nmwith the operating wavelengths at 1∕e [blue
(angular, with S1) and red curves (with S2)] and 60% (black
curves, left) reflection. As seen in Fig. 2(d), the estimated swi-
tching intensities are about 25.2 MW∕cm2 and 2.6 MW∕cm2

(at point S1) and 3.8 MW∕cm2 and 1.9 MW∕cm2 (at point S2).
The operating wavelength at 60% reflection seems to be a
boundary and, at an operating wavelength lower than that,
bistability behavior is observed. If the operating wavelength is
more than 60% reflection, the bistability behavior disappears.
Other SLSWGs (w � 30 and 45 nm), whose bistability behav-
iors for operating wavelengths at 60% and 1∕e reflection are
not shown here, exhibit the same tendency. Table 2 shows the
optical switching intensity (at point S1) and contrast (between
the low and high reflection states of the bistability region) for
SLSWGs with operating wavelengths at 50%, 1∕e, and 60% re-
flection. Compared to the result in Fig. 2(a), it can be seen that
the more different the operating wavelength is from the res-
onance, the higher the switching intensity and the broader the
bandwidth of the bistability region, because the detuning of
the operating wavelength corresponds to the broad band-
width and, thus, a higher amount of resonance shift is required
to change the state. In addition, as long as the input intensity
exceeds a certain value, the low-reflection state in the bistabil-
ity region can be maintained. For example, for the slit width,
w, of 15 nm, the bistability regions (between S1 and S2) are
from 5.6 MW∕cm2 to 2.0 MW∕cm2, from 25.2 MW∕cm2 to
3.8 MW∕cm2, and from 2.6 MW∕cm2 to 1.9 MW∕cm2 for the
operating wavelengths at 50%, 1∕e, and 60% reflection, respec-
tively. Compared to the results presented in [20] with the op-
erating wavelength at ∼45% reflection for the slit width
w � 12 nm, the performances of our SLSWG design for the
slit width, w � 15 nm, are better in terms of higher Q-factor
(2 times enhancement) and lower switching intensity at the S1

point (∼10 times and ∼2 times reduction for the operating
wavelengths at 50% and 1∕e reflection, respectively). The tem-
poral responses of the operating wavelength and the structure
are not investigated here, but have shown the same tendency
that we presented before in [6,7].

3. ALL-OPTICAL BISTABLE SWITCHING IN
DOUBLE-LAYER GRATINGS
As mentioned above, all-optical bistable switching behaviors
can be obtained based on Fano resonances in SLSWGs with
very narrow slits. The switching intensity depends on the
Q-factor and the shape of Fano resonances. The dependence
of the switching intensity on the Q-factor is 1∕Q2. To achieve a
high Q-factor the slit width, w, must be decreased. Due to fab-
rication limitation, it is a big challenge to reduce the slit width,
w, smaller than 12 nm. High Q-factor, however, can be achi-
eved if two layers of slab waveguide gratings are stacked, as
shown in Fig. 3(a). In these structures, the two slab waveguide
gratings (thickness of each layer is 220 nm) with narrow slits
considered in the previous section are separated by a thin sil-
icon dioxide (SiO2) buffer layer (20 nm). As the SiO2 buffer
layer is thin, two Fano resonances are coupled to form super-
modes of even and odd symmetries. As a consequence, addi-
tional resonant peaks appear in the reflection spectrum. The
Q-factor of the Fano resonance can be arbitrarily higher, re-
lying on the relative phase retardation between two SLSWGs
[15,22]. Figure 3(b) shows the linear reflection spectra for the
slit widths, w, of 15 nm, 30 nm, and 45 nm, respectively. For
each spectrum, there exists two Fano resonances, as shown in
Figs. 3(c) and 3(d), respectively. The first Fano resonance
(F1), at around 1300 nm, and the second one (F2), at around
1700 nm, correspond to the odd and even symmetry modes.
The corresponding mode profiles are shown in insets of
Figs. 3(c) and 3(d). The Q-factors of F1 for the slit widths,
w, of 15 nm, 30 nm, and 45 nm are 5066, 2518, and 708, respec-
tively. The Q-factors of F2 for the slit widths, w, of 15 nm,
30 nm, and 45 nm are 18757, 2111, and 768, respectively.
The resonant peaks and Q-factors of the DLSWGs are also
shown in Table 1. The blue (top) and red (bottom) colors in-
dicate the characteristics of F1 and F2 for the double-layer
gratings. In this work, the buffer layer’s thickness influence
on the Q-factor is not determined.

The all-optical bistable switching characteristics of the
DLSWGs for F1 and F2 are also calculated. Figures 4(a)
and 4(b) (blue/S1 and red/S2 curves) show the all-optical
bistable switching behaviors of the DLSWGs as depicted in
Fig. 3(a) for the slit widths of 15 nm and 45 nm for F1, with
the operating wavelength at 50% reflection. The all-optical bi-
stable switching behaviors of these cases are similar to the

Table 2. Nonlinear Characteristics of SLSWGs

Single-Layer Gratings

w � 15 nm w � 30 nm w � 45 nm

Switching intensity–S1 (MW∕cm2) and Contrast (low-high states)
with operating wavelength at 50% reflection

5.6 366.1 2548.8
(0.05–0.54) (0.1–0.56) (0.14–0.58)

Switching intensity–S1 (MW∕cm2) and Contrast (low-high states)
with operating wavelength at 1∕e reflection

25.2 1526.0 9950.6
(0.02–0.38) (0.01–0.39) (0.01–0.40)

Switching intensity–S1 (MW∕cm2) and Contrast (low-high states)
with operating wavelength at 60% reflection

2.6 171.1 1235.3
(0.11–0.65) (0.13–0.67) (0.16–0.68)
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SLSWGs. For the operating wavelength at 50%, we can esti-
mate the input intensities for switching to be 46.4 MW∕cm2

and 2299.8 MW∕cm2 at point S1 and 19.6 MW∕cm2 and
253.7 MW∕cm2 at point S2 for the slit widths, w, of 15 nm
and 45 nm, respectively. We have also shown the bistability

behaviors for the operating wavelength at 60% reflection as
the black curves (that start at Reflections of 0.6) in Figs. 4(a)
and 4(b), this operating wavelength seems to be a boundary.
As seen in Figs. 4(a) and 4(b), the smaller switching intensity
and bandwidth of the bistability region, the closer to the

Fig. 3. (a) DLSWG with a 20 nm SiO2 gap. (b) Reflection spectra for various slit widths (w). (c) and (d) enlarged resonant regions for the shorter
and longer wavelength regions, respectively. The insets in (c) and (d) show the field distributions at resonances.

Fig. 4. All-optical bistable switching behaviors of the DLSWGs with (a) w � 15 nm and (b) w � 45 nm for the shorter resonant region with the
operating wavelengths at 50% [blue (with S1 and red (with S2) curves] and 60% [black (left) curves] reflection.
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resonance of the operating wavelength it will be. The switch-
ing intensity and contrast of DLSWGs with the operating
wavelengths at 50% and 60% reflection are shown in Table 3.
Compared to the calculated result of SLSWGs, for the slit
width of 15 nm and operating wavelength at 50% reflection,
the Q-factor reduces by ∼2.9 times and the switching intensity
increases by ∼8.3 times. For the slit width of 45 nm, the
Q-factor slightly increases (708 compared to 630) and the
switching intensity is lower than that from the single-layer gra-
ting. In general, bistable switching based on DLSWGs does not
provide a more significant enhancement than those of
SLSWGs for operating wavelengths at F1. However, for

operating wavelengths at F2, it is seen from Table 3 that
the DLSWGs provide better bistable switching performance
in terms of higher Q-factors, lower switching intensity, and
high contrast between high and low states than those from
the SLSWGs for various slit widths.

Since the performance of bistable switching based on F2 is
better than that based on F1, the following bistable switching
investigations are carried out for various operating wave-
lengths around F2. For all-optical bistable switching, the op-
erating wavelengths are chosen at 10% and 20% reflection as
depicted in the inset of Fig. 5. Figures 5(a)–5(c) show the all-
optical bistable switching behaviors of DLSWGs with the slit

Table 3. Nonlinear Characteristics of DLSWGs for the Operating Wavelengths at the Shorter (F1) and

Longer (F2) Resonant Wavelengths

Double-Layer Gratings

w � 15 nm w � 30 nm w � 45 nm

Switching intensity (MW∕cm2) and Contrast (low-high states)
with shorter operating wavelength at 50% reflection

46.4 179.1 2299.8
(0.08–0.51) (0.1–0.53) (0.12–0.56)

Switching intensity (MW∕cm2) and Contrast (low-high states)
with shorter operating wavelength at 60% reflection

16.5 63.1 561.1
(0.06–0.61) (0.08–0.64) (0.11–0.67)

Switching intensity (MW∕cm2) and Contrast (low-high states)
with longer operating wavelength at 10% reflection

1.92 104.0 733.5
(0.10–0.89) (0.07–0.97) (0.06–0.97)

Fig. 5. All-optical bistable switching behaviors of the DLSWGs with (a) w � 15 nm, (b) w � 30 nm, and (c) w � 45 nm for the longer resonant
region with the operating wavelength at 10% reflection and (d) at 20% [blue (right) and red (left) curves in (a), (b), and (c), and right and middle,
respectively in (d)] and at the depth \[black far left curves in (d)] reflection for w � 15 nm.
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widths, w, of 15 nm, 30 nm, and 45 nm, respectively, for the
operating wavelength at 10% reflection. The bistability behav-
ior with one switching point can be obtained in all cases. The
switching intensities are 1.92 MW∕cm2, 104.0 MW∕cm2, and
733.5 MW∕cm2. Figure 5(d), with blue (arrows pointing up/
right) and red curves (arrows pointing left/down), shows the
bistability behavior with switching intensity at 13.7 MW∕cm2

for the operating wavelength at 20% reflection for the slit
width, w, of 15 nm. The bandwidth of the optical bistability
region is from 13.7 MW∕cm2 to 1.76 MW∕cm2. Compared to
the result shown in Fig. 5(a), with the same slit width, w,
of 15 nm and the operating wavelength apart from the reso-
nance, the switching intensity is higher and the bandwidth of
the bistability region is broader. As seen in Fig. 5, there is
much more improvement of the bistability contrast for the op-
erating wavelengths around F2 than that around F1 of the
DLSWG, shown in Figs. 4(a) and 4(b) and the SLSWG shown
in Figs. 2(a)–2(d). For example, for the slit width, w � 45 nm,
of the DLSWG structure, the contrasts (low-high states) are
(0.06–0.97) and (0.12–0.56) for the operating wavelengths at
10% reflection around F2 and 50% reflection around F1, re-
spectively. For the results shown in the SLSWG for the slit
width, w � 45 nm, with the operating wavelength at ∼50%
reflection, the contrast is (0.14–0.58). In addition, with the op-
erating wavelength at the depth of resonance, the bistability
behavior has not occurred, as seen in Fig. 5(d) (black vertical
curves, on left) even the switching point at 0.9 MW∕cm2 of
input intensity and high contrast is observed.

Next, we consider the operating wavelength between the
peak (total reflection) and depth (zero reflection) of F2 noted
in the inset of Fig. 6(a). Figure 6(a) shows the nonlinear
behaviors for the DLSWG having the slit width, w, of 15 nm
at the operating wavelength at 50% reflection. It is seen that
bistability behavior does not occur at this operating wave-
length. Other operating wavelengths between the peak and
depth of F2 that do not offer the bistability behaviors are also
treated. However, there is a critical point of the input intensity
at which the reflection switches from “raising mode” to “fall-
ing mode” when increasing the input intensity. The switching
intensity for the grating with the slit width, w, of 15 nm oper-
ating at this wavelength is 0.2 MW∕cm2, which is much
smaller than that operating at the wavelength used in the

previous calculations shown in Fig. 5(a). Figure 6(b) shows
the nonlinear behavior for various slit widths. It is seen that
the switching intensities for the slit widths, w, of 30 nm and
45 nm are 23.0 MW∕cm2, and 185.6 MW∕cm2, respectively.
Compared to the results shown in Fig. 5, these switching
intensities are much smaller. Thus, if we design the optical
switching devices based on the Fano resonance, as in [26],
the operating wavelength between the peak and the depth
is preferred. Since nonlinear behaviors at the operating wave-
lengths in the right and left sides of the depth are different, the
bistability behavior depends strongly on the operating wave-
length in each resonance.

Experimentally, it is possible to fabricate our designed
DLSWG using electron-beam (e-beam) lithography and induc-
tively coupled plasma etching (ICP) techniques. In particular,
two As2S3 thin films with thicknesses of 220 nm and a SiO2

buffer layer are deposited on a glass substrate using RF/DC
sputtering techniques. To fabricate grating structures, the
three-layer film is coated by an e-beam resist layer with a
thickness of ∼300 nm. The gratings with the slit width and
periodicity of w (15 nm, 30 nm, and 45 nm) and 860 nm,
respectively, are patterned on the e-beam resist layer by an
e-beam lithography system. The samples are then etched by
an ICP dry etcher using a mixture of CHF3 and O2 gases.
The device structures are finally formed after removing the
e-beam resist layer.

4. CONCLUSION
In conclusion, we have investigated the all-optical bistable
switching based on Fano resonances in the single- and double-
layer nonlinear slab waveguide gratings with narrow slits. The
optimal SLSWG in this work shows that the switching inten-
sity and the quality factor are better than previous results pre-
sented by other authors. Furthermore, we have demonstrated
that the proposed DLSWG provided high all-optical bistable
switching efficiency in terms of low switching intensity and
high contrast of low and high states at the second Fano res-
onance in the reflection spectrum corresponding to the longer
resonant wavelength. We believe that our simulation results
suggest a better way to design all-optical bistable switching
devices based on Fano resonances than those based on
guided-mode resonances.

Fig. 6. (a) Switching behavior of DLSWGwith the operating wavelength at 50% reflection for the slit widthw � 15 nm and (b) All-optical switching
of DLSWGs for various slit widths w.
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